We evaluated alcohol consumption and alcohol-related problems in Korean adults by evaluating alcohol consumption and responses to the CAGE questionnaire obtained from the second Korea National Health and Nutrition Examination Survey. The age-adjusted prevalence of males who consumed 0, 0.1-20, 20.1-40, or >40 g/day of alcohol were 28.0, 51.5, 12.5, and 8.0%, respectively; 26.9% of male drinkers were CAGE-positive (≥ ≥2 affirmative responses to the CAGE). The age-adjusted prevalence of females who consumed 0, 0.1-10, 10.1-20, or >20 g/day of alcohol were 67.7, 26.6, 3.9, and 1.8%; 11.9% of female drinkers were CAGE-positive. The risk factors for high alcohol consumption were old age, low education level, smoking, and drinking onset at young ages in male drinkers, whereas low education level and smoking in female drinkers. The risk factors for a positive CAGE were young age, marriage, low education level, smoking, high amount of alcohol consumed on a single occasion, and high drinking frequency in male drinkers, whereas high household income, ex-smoking, high amount of alcohol consumed on a single occasion, and high drinking frequency in female drinkers. Our results suggest that high alcohol consumption and alcohol-related problems in Korean adults are not negligible and require intervention.
INTRODUCTION
Moderate alcohol consumption may reduce the risk of heart attack, ischemic stroke, peripheral vascular disease, sudden cardiac death, and death from all cardiovascular diseases (1, 2) . However, high alcohol consumption causes various negative health consequences, especially cancer and diseases of the heart, liver, and pancreas (3, 4) . The annual costs associated with the consumption of alcohol in Korea were estimated to be 2.86% of the GDP in 2000; this included medical costs for the treatment of alcohol-related diseases, indirect costs (loss of productivity and decreases in the available workforce resulting from premature death), and other costs (loss of property, costs for administration, and costs for the consumption of alcoholic beverages) (5) .
CAGE is an acronym for the following four questions that cover experiences associated with drinking alcohol: 1) ''Have you ever felt you should CUT down on your drinking?'' 2) ''Have people ANNOYED you by criticizing your drinking?'' 3) ''Have you ever felt bad or GUILTY about your drinking?'' 4) ''Have you ever had a drink first thing in the morning to steady your nerves or get rid of a hangover (EYE-opener)?'' Two or more affirmative answers to these questions is usually taken as an indication of an alcohol-related problem (6) . The CAGE questionnaire has been used to screen for alcohol dependence in clinical settings as well as to estimate the prevalence of problem drinkers in the general population (7) (8) (9) .
A nationwide knowledge of alcohol consumption and drinking problems can provide a foundation for planning and implementing national intervention programs; however, the consumption of alcohol and alcohol-related problems in Korean adults have not been extensively studied despite the associated social, economic, and public health burdens. Therefore, this study evaluated daily alcohol consumption and alcohol-related problems through the CAGE questionnaire in Korean adults.
MATERIALS AND METHODS

Study population
The study subjects were recruited from the participants of the second Korea National Health and Nutrition Examina-tion Survey (K-NHANES) conducted in 2001. In the second K-NHANES, a self-administered questionnaire investigating health behaviors (i.e., smoking, drinking, exercise, etc.) was distributed to 10,368 randomly sampled Koreans aged 12 yr or more, and 9,170 questionnaires were collected (response rate=88.4%) (10) . We excluded subjects who were younger than 20 yr old (n=1,246) and adults who did not report their drinking pattern (n=3) or reported it incompletely (n=45). Consequently, 7,876 adults (aged ≥20), consisting of 3,578 men and 4,298 women, were included in the analysis of alcohol consumption.
The CAGE questionnaire was administered to current drinkers. Of the 7,876 adult respondents, 3,689 persons (2,467 men and 1,222 women) reported that they were current drinkers. We excluded 43 drinkers who did not respond or incompletely responded to the CAGE questionnaire. Consequently, 3,646 current drinkers, consisting of 2,449 men and 1,197 women, remained for the analysis of alcohol-related problems.
Data collection
Self-reported demographic (age, gender, residential area, and marital status), socioeconomic (education level and household income), lifestyle (smoking and physical exercise), and alcohol-related (age at drinking onset, drinking frequency, and average amount of alcohol consumed on a single occasion) data were drawn from the second K-NHANES. Residential areas were classified as a large city, medium-sized city, or rural area. A large city in this study referred to Seoul (the capital of the Republic of Korea) and six other metropolitan cities (Busan, Daegu, Incheon, Gwangju, Daejon, and Ulsan) in Korea. A medium-sized city indicated cities other than Seoul and these six metropolitan cities. A rural area indicated administrative divisions other than the large and medium-sized cities. For smoking status, subjects were classified as nonsmokers, ex-smokers, or current smokers. Physical exercise was categorized into three groups: none, 1-3 session (s)/week, or ≥4 sessions/week.
The subjects were asked to quantify their drinking frequency (≤1/month, 2-3/month, 1-2/week, 3-4/week, and almost every day) and estimate the average amount of alcohol consumed on a single occasion. Soju is the most widely consumed alcoholic beverage in Korea. The alcoholic content in soju was 25% at the time of the second K-NHANES. The respondents converted the average amount into the corresponding equivalents of soju expressed in the traditional unit of jan (1 jan of soju=50 mL, containing 10 g of ethanol). The questionnaire listed the volume of alcoholic beverages that contained the same quantity of ethanol as 1 jan of soju, and the subjects referred to this chart when recording the average amount consumed on a single occasion. The average daily consumption of alcohol for each subject was calculated in jan units by multiplying the average amount consumed on a single occasion by the drinking frequency. The average daily consumption was then converted into the amount of ethanol in grams by multiplying the figure by 10.
Definition of categories of daily alcohol consumption and alcohol-related problems The U.S. Department of Health and Human Services (HHS) and U.S. Department of Agriculture (USDA) define moderate drinking as no more than one drink a day for women and two drinks per day for men (11) . The definition of a standard drink can vary significantly from country to country and is 8 g of ethanol in the United Kingdom, 10 g in Australia, and 13.5 g in Canada (12) . A standard drink in this study was defined as 10 g of ethanol because 1 jan of soju contained 10 g of ethanol at the time of the second K-NHANES. Therefore, moderate drinking was defined as consuming 10 g or less of ethanol per day on average for women and 20 g or less of ethanol per day on average for men. Consuming more than these values was defined as excessive drinking and consuming more than twofold of these values was defined as heavy drinking. Consequently, daily alcohol consumption in respondents was categorized into four groups by each gender: 0, 0.1-20, 20.1-40, and >40 g/day for men; 0, 0.1-10, 10.1-20, and >20 g/day for women.
The presence of alcohol-related problems in current drinkers was categorized as either negative or positive (0-1 vs. 2+) according to the commonly recommended cutoff value for the number of affirmative response (s) to the CAGE.
Statistical analysis
The age-adjusted prevalence of the categories of daily alcohol consumption in Korean adults and positive result to the CAGE in Korean adult drinkers were calculated by direct standardization using the entire Korean population in 2001 as the standard population.
The gender-specific associations of demographic, socioeconomic, lifestyle, and alcohol-related factors with the categories of daily alcohol consumption and positive result to the CAGE in Korean adult drinkers were evaluated. These associations were presented as mutually adjusted odds ratios (OR) derived from multiple logistic regression models for men and women. Proportional ORs were calculated for the categories of daily alcohol consumption because the dependent variable had three categories (excessive and heavy vs. moderate drinking). In these models, the drinking frequency and average amount of alcohol consumed on a single occasion were excluded from the explanatory variables because the dependent variable was derived from a linear combination of these two variables. The PROC LOGISTIC procedure in the SAS statistical package was used for multiple logistic regression. A score test for the proportional odds assumption and the Hosmer and Lemeshow chi-square test, which was implemented in the PROC LOGISTIC procedure as the LACKFIT option, were used to test the goodness-of-fit of the multiple logistic regression (13) .
RESULTS
The characteristics of the study population are presented in Table 1 . The mean age of male respondents was 43.6± 14.5 yr. The following characteristics were reported by male respondents: 46.3% lived in large cities, 76.3% were married, 13.6% had ≤6 yr of education, 21.1% belonged to households that earned less than one million won per month, 61.7% were current smokers, and 64.7% did not perform physical exercise. The mean age of female respondents was 44.6±15.9 yr. The following characteristics were reported by female respondents: 46.3% lived in large cities, 69.1% were married, 27.7% had ≤6 yr of education, 26.4% belonged to households that earned less than one million won per month, 5.2% were current smokers, and 76.8% did not perform physical exercise.
The mean age of male drinkers was 41.4±13.2 yr. The 
Alcohol consumption
The prevalence of the categories of daily alcohol consumption in Korean adults are shown in Table 2 . The age-adjusted prevalence of moderate, excessive, and heavy drinkers in the total male respondents were 51.5, 12.5, and 8.0%, respectively. The prevalence of heavy drinkers (>40 g/day) was highest in their 50s, highest in medium-sized cities among residential areas, higher in married men than in unmarried men, highest in men with ≤6 yr of education compared to other education levels, higher in men whose households earned less than one million won per month than in those whose households earned one or more million won per month, higher in current smokers than in non-or ex-smokers, and higher in men who did not perform physical exercise than in those who did perform physical exercise.
The age-adjusted prevalence of moderate, excessive, and heavy drinkers in the total female respondents were 26.6, 3.9, and 1.8%, respectively. The prevalence of heavy drinkers (>20 g/day) was highest in their 40s, highest in rural areas among residential areas, higher in unmarried women than in married women, highest in women with 10-12 yr of education compared to other education levels, higher in women whose households earned less than one million won per month than in those whose households earned one or more million won per month, higher in current smokers than in non-or ex-smokers, and higher in women who did not perform physical exercise than in those who did perform physical exercise.
The adjusted ORs for excessive and heavy drinking according to demographic, socioeconomic, lifestyle, and alcoholrelated factors among Korean adult drinkers are shown in Table 3 . Men aged ≥30 had a higher risk of excessive and heavy drinking than those in their 20s; the ORs for men in their 30s, 40s, 50s, or ≥60s were 1.84 (95% CI, 1.33-2.54), 2.85 (2.00-4.06), 3.34 (2.22-5.03), and 3.57 (2.29-5.56), respectively. Men with <13 yr of education had a higher risk of excessive and heavy drinking than those with ≥13 yr of education; the ORs for those with ≤6, 7-9, or 10-12 yr of education were 1.87 (1.33-2.63), 1.46 (1.06-2.01), and 1.34 (1.08-1.67), respectively. Men who smoked had a 1.95 (1.47-2.57) times higher risk of excessive and heavy drinking than nonsmoking men. Men who started drinking at 10-19 yr of age had a 2.64 (1.69-4.12) times higher risk of excessive and heavy drinking than men who started drinking at ≥30 yr of age.
Women with 7-9 or 10-12 yr of education had a 1.89 (1.03-3.50) or 1.66 (1.08-2.54) times higher risk of excessive and heavy drinking than those with ≥13 yr of educa- 
Positive result to the CAGE questionnaire
The prevalence of a positive result to the CAGE questionnaire in Korean adult drinkers is shown in Table 4 . The ageadjusted prevalence of those with a positive CAGE in male drinkers was 26.9%. The prevalence of a positive result to the CAGE questionnaire was highest in their 50s, highest in medium-sized cities among the residential areas, higher in married men than in unmarried men, highest in men with ≤6 yr of education among the education levels, higher in men whose households earned ≥2.5 million won per month than in those whose households earned less monthly income, higher in current smokers than in non-or ex-smokers, higher in men who did not perform physical exercise than in those Table 4 . Prevalence of a positive result to the CAGE* questionnaire in Korean adult drinkers CAGE* is an acronym for four questions that cover experiences associated with drinking alcohol (cut down, annoyed, guilty, eye-opener). A positive result was defined as two or more (2+) affirmative responses to the CAGE questionnaire.
� , The age-adjusted prevalence of positive result to the CAGE questionnaire was calculated by direct standardization using the entire Korean population in 2001 as the standard population.
who performed physical exercise, higher in men who started drinking at 10-19 yr of age than in those who started drinking at ≥20 yr of age, higher in men who consumed an average of ≥1 bottle of soju on a single occasion than in those who consumed a smaller amount of alcohol, and higher in men who drank alcohol ≥3-4 times/week than in those who drank less frequently. The age-adjusted prevalence of those with a positive CAGE in female drinkers was 11.9%. The prevalence of a positive result to the CAGE questionnaire was highest in their 50s, highest in rural areas among the residential areas, higher in unmarried women than in married women, highest in women with ≤6 yr of education among the education levels, higher in women whose households earned ≥2.5 million won per month than in those whose households earned less monthly income, higher in current smokers than in non-or ex-smokers, higher in women who performed physical exercise 1-3 session (s)/week than in those who did not exercise or performed physical exercise ≥4 sessions/week, higher in women who started drinking at ≥ 30 yr of age than in those who started drinking at 10-29 yr of age, higher in women who consumed an average of ≥1 bottle of soju on a single occasion than in those who consumed a smaller amount of alcohol, and higher in women who drank alcohol ≥3-4 times/ week than in those who drank less frequently.
The adjusted ORs for a positive CAGE according to demographic, socioeconomic, lifestyle, and alcohol-related factors among Korean adult drinkers are shown in Table 5 . Men aged ≥60 had a 0.52 (0.32-0.84) times lower risk for a positive CAGE than those in their 20s. Unmarried men had a 0.69 (0.52-0.92) times lower risk for a positive CAGE than married men. Men with ≤6 yr of education had a 1.56 (1.07-2.27) times higher risk for a positive CAGE than those with ≥13 yr of education. Men who smoked had a 1.33 (1.00-1.77) times higher risk for a positive CAGE than nonsmoking men. Men who consumed an average of ≥1 bottle of soju on a single occasion had a 1.50 (1.24-1.82) times higher risk for a positive CAGE than those who consumed a smaller amount of alcohol. Men who drank alcohol 1-2 times/week or ≥3-4 times/week had 1.71 (1.34-2.19) and 2.38 (1.84-3.08) times higher risk for a positive CAGE than those drank less frequently, respectively.
Women whose households earned 1,000,000-2,490,000 won per month had a 0.59 (0.38-0.94) times lower risk for a positive CAGE than those whose households earned ≥ 2,500,000 won per month. Women who were ex-smokers had a 3.25 (1.10-9.64) times higher risk for a positive CAGE than nonsmoking women. Women who consumed an average of ≥1 bottle of soju on a single occasion had a 2.78 (1.72-4.48) times higher risk for a positive CAGE than those who consumed a smaller amount of alcohol. Women who drank alcohol 1-2 times/week or ≥3-4 times/week had a 1.82 (1.17-4.48) and 3.69 (2.15-6.32) times higher risk for a positive CAGE than those drank less frequently, respectively.
DISCUSSION
We performed a nationwide assessment of alcohol consumption and alcohol-related problems in Korean adults. The age-adjusted prevalence of excessive and heavy drinking was 20.5% in men and 5.7% in women. A total of 10.1% of Korean adults (18.4% of men and 3.2% of women) had a The differential effects of socio-cultural moral attitudes, low ability to metabolize alcohol, and ethnic-specific cohort effect were suggested as possible explanations for the prevalence in Korea (14, 15) . We think that these explanations are applicable to our results. Therefore, our results suggest that high alcohol consumption and alcohol-related problems in Korean adults are not negligible and require intervention. Evaluation of the risk factors for high alcohol consumption and a positive CAGE can aid the identification of target groups who need intervention to reduce alcohol-related disorders. This study revealed that old age, low education level, smoking, and onset of drinking at a young age were risk factors for high alcohol consumption in male drinkers, whereas low education level and smoking were risk factors in female drinkers. Young age, marriage, low education level, smoking, high amount of alcohol consumed on a single occasion, and high drinking frequency were proven to be risk factors for a positive CAGE in male drinkers, whereas high household income, ex-smoking, high amount of alcohol consumed on a single occasion, and high drinking frequency were risk factors in female drinkers.
The risk factors for high alcohol consumption and a positive CAGE identified mostly agreed with the results of previous studies on alcohol problems that identified gender, socioeconomic status, and smoking as important risk factors (16, 17) . However, the positive associations of certain factors with a positive CAGE (young age and marriage in male drinkers; ex-smoking and high household income in female drinkers) did not agree with the results of the risk factors for high alcohol consumption in this study. There are several possible explanations for these results. Primarily, they may have been due to chance. Additionally, although high alcohol consumption and alcohol-related problems are closely related, the underlying mechanism of these two factors may be dissimilar. Studies indicate that genes that affect alcohol intake also affect the risk for alcohol dependence, but other genes only affect alcohol dependence (18) . A survival effect can be postulated for the positive association of age with high alcohol consumption and negative association of age with a positive CAGE. Young drinkers with alcohol-related problems cannot manage their drinking level into old age. Drinkers with a small degree of or without alcohol-related problems are capable of drinking at an old age.
Caution must be exercised in applying the CAGE questionnaire to the general population. The reliability and validity of the CAGE questionnaire has been demonstrated in the majority of studies conducted in clinical settings, but the validity at the scale of a general population has not been conclusively demonstrated. Bisson et al. evaluated the validity of the CAGE questionnaire to screen for heavy drinking and drinking problems in a general population survey and concluded that the CAGE questionnaire was not valid for use as a screening tool for heavy drinking and drinking problems in a general population survey or as a tool to estimate the prevalence of drinking problems in the population (19) . In contrast, many other researchers have suggested that the CAGE questionnaire effectively detects subjects at higher risk levels due to alcohol consumption with a predictive value of 50% compared to 20-40% for laboratory indicators (7).
The age-adjusted prevalence of abstainers was 28.0% in males and 67.7% in females. Various reasons lead people not to drink alcohol, e.g., religion, family history of alcohol dependence, and alcohol intolerance. Drinkers who have serious alcohol-related problems might abstain temporarily and would thus be classified as abstainers if they were abstaining at the time of the survey. Therefore, the prevalence for the categories of alcohol consumption and a positive CAGE are variable according to the conditions. Further studies are required to evaluate alcohol consumption and alcohol-related problems in Korea.
